
US007279775B2 

(12) Ulllted States Patent (10) Patent N0.: US 7,279,775 B2 
Kim et a]. (45) Date of Patent: Oct. 9, 2007 

(54) SEMICONDUCTOR DIE WITH PROTECTIVE (52) US. Cl. ............................. .. 257/620; 257/E2l.523 
LAYER AND RELATED METHOD OF (58) Field 61 Classi?cation Search ............... .. 257/620 
PROCESSING A SEMICONDUCTOR WAFER See application ?le for complete search history. 

(75) Inventors: Sun-joon Kim, Yongin-si (KR); (56) References Cited 
Hyeoung-Won Seo, Yongin-si (KR) Us PATENT DOCUMENTS 

(73) Assignee: Samsung Electronics Co., Ltd., 6,538,301 B1 * 3/2003 Yamada et a1. 257/620 
Gyeonggi_do (KR) 6,566,735 B1 * 5/2003 Minn et a1. ............... .. 257/620 

( * ) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS 
patent is extended or adjusted under 35 JP 00122737 7/ 1983 
U.S.C. 154(1)) by 137 days. JP 00264489 10/1996 

* cited by examiner 
(21) Appl. No.: 11/235,320 

Primary ExamineriTu-Tu Ho 
(22) Filed: Sep. 27, 2005 (74) Attorney, Agent, or F irmiVolentine & Whitt, PLLC 

(65) Prior Publication Data (57) ABSTRACT 

US 2006/0065953 A1 Mal‘- 30, 2006 A semiconductor die and a related method of processing a 
_ _ _ _ _ semiconductor Wafer are disclosed in Which a ?rst interlayer 

(30) Forelgn APPheatmn Prlenty Data insulator having a recess region of Varying con?guration and 

Sep. 30, 2004 (KR) .................... .. 10-2004-0077733 ‘le?ning a “nee/119615 associate? Wit}? “least 9116 Protec 
t1Ve layer formed W1th a charactenZmg 1ncl1ned s1de surface. 

(51) Int. Cl. 
H01L 23/544 (2006.01) 36 Claims, 8 Drawing Sheets 

336 



U.S. Patent 0a. 9, 2007 

FIG. 1 (PRIOR ART) 

Sheet 1 0f 8 US 7,279,775 B2 

Will/Illa 

“~20 

WNW 
% /_/~16 Q Q 4'14 
W F12 

“~10 

‘A n I? 

FIG. 2 (PRIOR ART) 

1 MS 
0” :83 

? 

%//////////////4L,, r///////////////%,_ 52 



U.S. Patent 0a. 9, 2007 Sheet 2 0f 8 US 7,279,775 B2 

FIG. 3 

A100 

4» 104 

mj- 102 

l, 

FIG. 4 

“$108 
% 
/ 

ll 

up 100 

+ 

/ /////// 





U.S. Patent 0a. 9, 2007 Sheet 4 0f 8 US 7,279,775 B2 

FIG. 7 

VIAJK 102 

/ 
/ 

/ / 

/ / 
/ / 

/ / / 
4 

/////// A 

m’w 

—h 100 

§ 

8 FIG. 

108 

/ 1 

W7“ 

V//////// 
~—P- 100 



U.S. Patent 0a. 9, 2007 Sheet 5 0f 8 US 7,279,775 B2 

9 FIG. 

ll 

//A 
///////A 

9, 
FIG. 10 

5420 0000 1111 v_ 11 g” 
++++++ ++++++++ ++++++++++ ++++++++++++ “m” 

L M 

+++11H4+4 +4+4+i+++4 +. ++++++++++ +++...F++ +++++++ 
/////m 

‘Ar 
136 





U.S. Patent 0a. 9, 2007 Sheet 7 0f 8 US 7,279,775 B2 

FIG. 13 

240 

{"“2208 

334a 
‘4332a 

320a 

‘r3103 

A308 

“306 
P‘\305 
A 304 

‘x 302 

h 300 

336 





US 7,279,775 B2 
1 

SEMICONDUCTOR DIE WITH PROTECTIVE 
LAYER AND RELATED METHOD OF 

PROCESSING A SEMICONDUCTOR WAFER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to a semiconductor 

devices, semiconductor dies, and a related method of pro 
cessing a semiconductor Wafer. More particularly, the inven 
tion relates to a semiconductor die incorporating one or 
more protective layer(s) having improved step coverage 
amongst other bene?ts. The invention also relates to a 
method of processing a semiconductor Wafer to manufacture 
the semiconductor die incorporating the improved protective 
layer. 
A claim of priority has been made to Korean Patent 

Application No. 10-2004-0077733 ?led on Sep. 30, 2004, 
the disclosure of Which is hereby incorporated by reference 
in its entirety. 

2. Description of the Related Art 
Contemporary semiconductor manufacturing processes 

typically produce multiple integrated circuit chips (or dies) 
on a single semiconductor Wafer. The peripheral boundaries 
separating individual dies are marked or de?ned by scribe 
lines formed (e.g., inscribed) in the surface of the semicon 
ductor Wafer. Scribe lines have many useful purposes. For 
example, once the complicated sequence of processing steps 
forming the plurality of dies is complete, individual die, or 
groups of die, may be accurately cut from the semiconductor 
Wafer using a diamond-tipped cutter that folloWs a path 
de?ned by scribe lines. 

Consider, for example, the partial vieW of a conventional 
semiconductor die shoWn in Figure (FIG) 1. Of note, the 
conventional die includes a protective layer covering (or 
intended to cover) peripheral portions of a substrate and 
multi-layer structure formed on the substrate as part of the 
conventional die. A scribe line (SL) is located in the recess 
region. 

The conventional die shoWn in FIG. 1 shoWs tWo exem 
plary multilayer structures, each comprising a conductive 
line 18 electrically connected to a conductive region 12 
formed on substrate 10. (Throughout this description the 
term “on” is used to describe a spatial relationship betWeen 
layers, components and/or elements. The term “on” may be 
used to describe a relationship Where “A is directly on B,” 
or a relationship Where “A is on B,” but one or more 
intervening layers, components and/or elements separate A 
from B. See, e.g., the relationship betWeen conductive line 
18 and substrate 10). 
The multilayer structures shoWn in FIG. 1 are separated 

by the scribe line (SL). Conductive line 18 is connected to 
conductive region 12 via a contact plug 16 formed in a ?rst 
interlayer insulator 14. A protective layer 22 is formed over 
the multilayer structure to cover an upper surface of a second 
interlayer insulator 20 formed on conductive line 18, as Well 
as the side surfaces of ?rst and second interlayer insulators 
14 and 20. 

In this manner the constituent parts of the multilayer 
structures are intended to be protected by protective layer 22 
from the potentially harmful effects of the ambient environ 
ment. For example, protective layer 22 absorbs impacts 
likely to occur during subsequent processing of the semi 
conductor Wafer containing the individual die. Packaging 
processes are an excellent example of these subsequent 
processes. 

20 

35 

40 

45 

50 

55 

60 

65 

2 
In order to optimiZe its impact-absorbing an other pro 

tective qualities associated With protective layer 22, the layer 
must remain ?rmly attached (adhered) to the upper surface 
of second interlayer insulator 20, the side surfaces of the ?rst 
and second interlayer insulators 14 and 20, and at least some 
portion of the upper surface of substrate 10 around the scribe 
line (SL). Unfortunately, the large and steep step formed by 
the side surfaces of ?rst interlayer insulator 14 and second 
interlayer insulator 20, make adhesion by protective layer 22 
dif?cult. This problem is particularly pronounced at the 
intersections of horizontal and vertical surfaces. Note the 
lifting phenomenon indicated in section “a” of FIG. 1. Note 
also the uncovered, upper comer portion of second interlayer 
insulator 20 indicated in section “b” of FIG. 1. 
When coverage by protective layer 22 is incomplete, 

impacts occurring during subsequent processing may cause 
cracking or fracture of fragile portions of the multi-layer 
structures formed on substrate 10. For example, When inad 
equate coverage by protective layer 22 results in a dimin 
ished impact-absorbing capacity, ?rst interlayer insulator 14 
and/or second interlayer insulator 20 may crack during 
attachment of a lead frame to the semiconductor die. The 
exposed edge comer of second interlayer insulator 20 is 
particularly susceptible to impact damage. 

Additionally, When protective layer 22 begins to lift or 
otherWise becomes separated from the underlying layers of 
the multiplayer structure, chemicals, moisture, or other 
contaminates may in?ltrate the multilayer structure during 
subsequent processing, such as a KOH reliability measure 
ment, a pressure cooker test, etc. 
As a result of the these potentially detrimental effects, the 

improved adhesion and step coverage of protective layer 22 
has been the subject of signi?cant research. For example, 
US. Pat. No. 5,300,816 is directed to a method of improving 
the step coverage for a similar protective layer. 

FIG. 2 generally illustrates one embodiment of the 
method described in US. Pat. No. 5,300,816. Referring to 
FIG. 2, a multilayer structure (MS) is formed on a semi 
conductor substrate 50 having a device isolation layer 52. A 
scribe line (SL) separates adjacent multilayer structures. 
Each multilayer structure (MS) comprises ?ve layers con 
secutively numbered in the ?gure as 61 through 65 With the 
bottommost layer being designated 61 and the uppermost 
layer being designated 65. In the illustrated example, indi 
vidual layers 61, 63, and 65 are conductive layers, and 
individual layers 62 and 64 are insulators. 
Note that each successively loWer layer extends laterally 

toWards the periphery of the multilayer structure by a greater 
distance. In this manner, each one of individual layers 61 
through 65 is a bit longer than the layers disposed above it. 
Thus, the length of insulating layer 64 is a distance L2 longer 
than the length Ll of conductive layer 65. As a result, the 
edge portion of the multilayer structure (MS) formed by the 
combination the individual layers 61 through 65 takes on the 
form of a stepped incline, rather than the steep vertical drop 
shoWn in FIG. 1. This stepped incline alloWs improved 
protection layer coverage. 

Unfortunately, the manufacturing process adapted to pro 
duce the multilayer structure (MS) illustrated in FIG. 2 is 
overly complex due to the multiple deposition and photoli 
thography processes required to form the plurality of indi 
vidual layers of varying length. This is particularly true 
Where alignment (or other spatial relationships) betWeen 
conductive layers 61, 63, and 65 and insulators 62 and 64 
must be precisely controlled. Of further note, the multilayer 
structure (MS) illustrated in FIG. 2 contributes to an unde 
sirable increase in overall die siZe. 
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SUMMARY OF THE INVENTION 

The present invention provides a semiconductor die hav 
ing a protective layer With improved protective qualities and 
a related manufacturing method for processing a semicon 
ductor Wafer. 

In one embodiment, the invention provides a semicon 
ductor die, comprising; a ?rst interlayer insulator having a 
principal surface and a recess region containing a scribe line, 
a second interlayer insulator formed on the ?rst insulator 
layer, a principal conductive line characterized by an 
inclined side surface and formed on the ?rst and second 
interlayer insulators, and a protective layer formed on the 
inclined side surface of the principal conductive line and at 
least a sideWall portion of the recess region of the ?rst 
interlayer insulator. 

The recess region generally de?nes the scribe line Which 
preferably remains uncovered by the protective layer. In one 
related aspect, the recess region has a Width de?ning the 
scribe line. 

In another aspect, the inclined side surface of the principal 
conductive line de?nes an angle of inclination With respect 
to the principal surface of the ?rst interlayer insulator 
ranging from about 400 to about 80°. With one or more of 
the foregoing features, a bottom surface of the resulting 
protective layer Will strongly adhere to an upper surface of 
the recess region of the ?rst interlayer insulator. 

In another embodiment, the invention provides a semi 
conductor die, comprising; a ?rst interlayer insulator having 
a principal surface and a ?rst recess region de?ning a scribe 
line, a ?rst conductive line formed on the principal surface 
of the ?rst interlayer insulator, a second interlayer insulator 
formed on the ?rst interlayer insulator and partially covering 
the ?rst conductive line to de?ne an exposed side surface 
and an exposed upper surface portion of the ?rst conductive 
line, a second conductive line characterized by an inclined 
side surface and formed on the exposed side surface and 
exposed upper surface portion of the ?rst conductive line 
?rst, a ?rst protective layer formed on the inclined side 
surface of the second conductive line, and a second protec 
tive layer formed on the ?rst protective layer and on at least 
a side surface of the ?rst recess region, Whereby a bottom 
surface of the second protective layer strongly adheres to an 
upper surface of the ?rst recess region. 

In related possible aspects, the ?rst interlayer insulator 
may comprise a silicon oxide layer. The ?rst conductive line 
may comprise one selected from a group consisting of at 
least Al, Cu, W, and Mo, metal alloys comprising at Al, Cu, 
W, and Mo, and metal nitrides comprising at least Al, Cu, W, 
and Mo. 

Other possible aspects potentially related to one or more 
embodiments of the invention include the folloWing. The 
inclined side surface of the second conductive line may be 
characterized by the Width and height of the second con 
ductive line. The Width of the second conductive line may be 
de?ned in relation to a horizontal distance betWeen the side 
surface of the second interlayer insulator and the exposed 
side surface of the ?rst conductive line. The height of the 
second conducting line may be measured from the bottom 
surface of the ?rst recess region to an upper most portion of 
the second conductive line and subsume at least a height of 
the exposed side surface of the ?rst conducting line, and a 
height of the side surface of the second interlayer insulator. 
The Width of the exposed upper surface portion of the ?rst 
conducting line may de?ne at least in part the Width of the 
second conductive line. The second conductive line may 
also cover a side surface associated With a recess in the ?rst 
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4 
interlayer insulator near the exposed side surface of the ?rst 
conductive line. The ?rst protective layer may comprise a 
silicon oxide layer and/or a silicon nitride layer. The silicon 
oxide layer may be formed of a high density plasma (HDP) 
oxide layer. The second protective layer may comprise a 
thermosetting polymer resin or a photosensitive polyimide 
resin, either ranging in thickness from about 2 pm to about 
20 pm. 

In yet another embodiment, the invention provides a 
semiconductor die, comprising; a ?rst interlayer insulator 
having a principal surface, a ?rst recess region and a second 
recess region, Wherein the ?rst recess region contains a 
scribe line, and Wherein the second recess region is formed 
With a Width greater than a Width associated With the ?rst 
recess region and a depth less than a depth associated With 
the ?rst recess region, a ?rst conductive line formed on the 
principal surface of the ?rst interlayer insulator, a second 
interlayer insulator formed on the ?rst interlayer insulator 
and partially covering the ?rst conductive line to de?ne an 
exposed side surface and an exposed upper surface portion 
of the ?rst conductive line, a second conductive line char 
acterized by an inclined side surface and formed on the 
exposed side surface and exposed upper surface portion of 
the ?rst conductive line ?rst, a ?rst protective layer formed 
on the inclined side surface of the second conductive line, 
and a second protective layer formed on the ?rst protective 
layer and on at least a side surface of the ?rst recess region 
and a side portion of the second recess region, Whereby a 
bottom surface of the second protective layer strongly 
adheres to an upper surface of the ?rst recess region. 

In still another embodiment, the invention provides a 
semiconductor die comprising; a ?rst interlayer insulator 
having a principal surface, a plurality of recess regions 
proximate a scribe line, a ?rst conductive line formed on the 
principal surface of the ?rst interlayer insulator, a second 
interlayer insulator formed on the ?rst interlayer insulator 
and partially covering the ?rst conductive line to de?ne an 
exposed side surface and an exposed upper surface portion 
of the ?rst conductive line, a second conductive line char 
acterized by an inclined side surface and formed on the 
exposed side surface and exposed upper surface portion of 
the ?rst conductive line ?rst, a ?rst protective layer formed 
on the inclined side surface of the second conductive line, 
and a second protective layer formed on the ?rst protective 
layer and ?lling at least one of the plurality of recess regions, 
Whereby a bottom surface of the second protective layer 
strongly adheres to an upper surface of the ?rst recess 
region. 

In still another embodiment, the invention provides a 
method of manufacturing a semiconductor Wafer, the 
method comprising; forming a ?rst interlayer insulator, 
forming a ?rst conductive line by patterning a ?rst conduc 
tive line material layer formed on the ?rst interlayer insu 
lator, patterning a second interlayer insulator formed on the 
?rst conductive line to expose an upper surface portion and 
a side surface of the ?rst conductive line, forming a second 
conductive line characterized by an inclined side surface on 
the exposed upper surface portion and side surface of the 
?rst conductive line, forming a ?rst protective layer on the 
second conducting line, forming a ?rst recess region in the 
?rst interlayer insulator using ?rst and second etching pro 
cesses, Wherein the ?rst etching process is adapted to form 
a fuse WindoW using the ?rst protective layer as an etch 
mask and the second etching process exposes a bonding pad, 
and forming a second protective layer covering the inclined 
side surface of the ?rst protective layer and at least a side 
surface of the ?rst recess region. 
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In still another embodiment, the invention provides a 
method of manufacturing a semiconductor Wafer, the 
method comprising; forming a ?rst interlayer insulator, 
forming a ?rst conductive line by patterning a ?rst conduc 
tive line material layer formed on the ?rst interlayer insu 
lator, patterning a second interlayer insulator formed on the 
?rst conductive line to expose an upper surface portion and 
a side surface of the ?rst conductive line, forming a second 
conductive line characterized by an inclined side surface on 
the exposed upper surface portion and side surface of the 
?rst conductive line, forming a ?rst protective layer on the 
second conducting line, forming a ?rst recess region to a ?rst 
depth and With a ?rst Width in the ?rst interlayer insulator, 
forming a second recess region on the ?rst recess region With 
a second Width greater than the ?rst Width and a second 
depth less than the ?rst depth using ?rst and second etching 
processes, Wherein the ?rst etching process is adapted to 
form a fuse WindoW using the ?rst protective layer as an etch 
mask and the second etching process exposes a bonding pad, 
and forming a second protective layer on the inclined side 
surface of the ?rst protective layer, side and bottom surfaces 
of the second recess region, and at least a side surface of the 
?rst recess region. 

In still another embodiment, the invention provides a 
method of manufacturing a semiconductor Wafer, the 
method comprising; forming a ?rst interlayer insulator, 
forming a ?rst conductive line by patterning a ?rst conduc 
tive line material layer formed on the ?rst interlayer insu 
lator, patterning a second interlayer insulator formed on the 
?rst conductive line to expose an upper surface portion and 
a side surface of the ?rst conductive line, forming a second 
conductive line characterized by an inclined side surface on 
a side surface of the second interlayer insulator and the 
exposed upper surface portion and side surface of the ?rst 
conductive line, forming a ?rst protective layer on the 
second conducting line, forming a plurality of recess regions 
in the ?rst interlayer insulator using ?rst and second etching 
processes, Wherein the ?rst etching process is adapted to 
form a fuse WindoW using the ?rst protective layer as an etch 
mask and the second etching process exposes a bonding pad, 
forming a scribe line in relation to the plurality of recess 
regions, and forming a second protective layer covering the 
inclined side surface of the ?rst protective layer and ?lling 
at least one of the plurality of recess regions. 

In still another embodiment, the invention provides a 
method of manufacturing a semiconductor Wafer, the 
method comprising; de?ning a scribe line separating indi 
vidual semiconductor die on the semiconductor Wafer, 
Wherein one semiconductor die comprises a multi-layer 
structure formed on a principal surface, forming a recess 
region in the principal surface adjacent to the multi-layer 
structure, and forming at least one protective layer having an 
arced inclined surface to cover the multi-layer structure, 
Wherein a bottom surface of the at least one protective layer 
adheres to at least one surface of the recess region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the 
invention Will become more apparent upon consideration of 
several exemplary embodiments described beloW With ref 
erence to the attached draWings in Which: 

FIG. 1 is a sectional-vieW of a conventional semiconduc 
tor die covered by a protective layer; 

FIG. 2 is a vieW illustrating a method of forming a 
protective layer With improving step coverage according to 
an embodiment disclosed in US. Pat. No. 5,300,816; 
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6 
FIGS. 3 through 11 are sectional-vieWs illustrating a 

semiconductor die With an improved protective layer and 
related method of manufacturing a semiconductor Wafer 
according to one embodiment of the invention; 

FIGS. 12 and 13 are sectional-vieWs illustrating a semi 
conductor die With an improved protective layer and related 
method of manufacturing a semiconductor Wafer according 
to another embodiment of the invention; and 

FIGS. 14 and 15 are sectional-vieWs illustrating a semi 
conductor die With an improved protective layer and a 
related method of manufacturing a semiconductor Wafer 
according to yet another embodiment of the invention. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

The invention Will noW be described With reference to the 
accompanying draWings in relation to several exemplary 
embodiments. These embodiments are selected teaching 
examples. The invention may be variously embodied in 
many different forms and should not be construed as being 
limited to only the embodiments described herein. 
A ?rst exemplary embodiment of the invention is illus 

trated in relation to the sectional-vieWs shoWn in FIGS. 3 
through 11. These ?gures taken separately or collectively 
illustrate different aspects of a semiconductor die incorpo 
rating an improved protective layer and a related method of 
processing a semiconductor Wafer according to one gener 
aliZed embodiment of the invention. 

Referring to FIG. 3, a conductive region 102 is formed on 
a substrate 100. Substrate 100 may be a semiconductor 
Wafer, or a semiconductor Wafer comprising one or more 
multilayer structures (not shoWn). An exposed surface of 
substrate 100 and conductive region 102 are covered by a 
?rst interlayer insulator 104 having a principal surface. First 
interlayer insulator 104 may be, for example, a silicon oxide 
layer. 

Referring to FIG. 4, a contact hole 105 is formed through 
?rst interlayer insulator 104 to expose conductive region 
102. Contact hole 105 is then ?lled to form a contact plug 
106. Contact plug 106 is then planariZed to have the same 
level as an upper surface of ?rst interlayer insulator 104. A 
?rst conductive line material layer (not shoWn) may then be 
formed on planariZed contact plug 106 and ?rst interlayer 
insulator 104, such that the ?rst conductive line material 
layer is electrically connected to conductive region 102. The 
?rst conductive line material is etched using a photo 
lithograpy process, for example, to form a ?rst conductive 
line 108. First (or subordinated) conductive line 108 may be 
formed from one or more metals or metal alloys or metal 

nitrides selected from a group including at least Al, Cu, W, 
Mo, and/ or Ti -nitride, Ta-nitride and/ or W-nitride. The Width 
and height of ?rst conductive line 108 may be determined in 
relation to the shape and inclination of a second conductive 
line (120a in FIG. 8) to be formed in a subsequent process. 
In one possible aspect, ?rst conductive line 108 may be 
formed on ?rst interlayer insulator 104 using a damascene 
process. 

Referring to FIG. 5, a second interlayer insulator 110 
covering ?rst conductive line 108 is formed on the exposed 
surface of ?rst interlayer insulator 104 to cover ?rst con 
ductive line 108. Second interlayer insulator 110 may be 
formed, for example, from a silicon oxide. The depth (or 
thickness) of second interlayer insulator 110 is determined in 
relation to the shape and inclination of second conductive 
line 120a shoWn in FIG. 8. 
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Referring to FIG. 6, a ?rst photoresist pattern 150 expos 
ing a selected portion of ?rst conductive line 108 is formed 
on second interlayer insulator 110. Then, portions of second 
interlayer insulator 110 are selectively using the ?rst pho 
toresist pattern 150 as a pattern. Patterned second interlayer 
insulator 11011 results and alloWs exposure of one side 
surface as Well as a portion of the upper surface of ?rst 
conductive line 108. During this process step, a portion of 
?rst interlayer insulating layer 104 near the exposed side 
surface of ?rst conductive line 108 may be recessed doWn to 
a predetermined depth by over-etching of the second inter 
layer insulator 110. That is, a portion ?rst interlayer insulator 
104 underlying the removed portion of second interlayer 110 
beyond the exposed side surface of ?rst conductive line 108 
is removed doWn to a predetermined depth to form a 
recessed upper surface portion of ?rst interlayer insulator 
104. The selected portion of second interlayer insulator 110 
and underlying portion of ?rst interlayer insulator 104 may 
be removed, for example, With a process using diluted HF, 
NH4F, or a buffered oxide etchant, such as a liquid mixture 
of HF and deioniZed Water. 

Referring to FIG. 7, the remaining portion of ?rst pho 
toresist pattern 150 is removed using one of several con 
ventional methods. For example, the residual portion of ?rst 
photoresist pattern 150 may be removed With an ashing 
process applying oxygen plasma folloWed by organic strip 
p1ng. 

Afterwards, a second conductive line material layer 120 is 
deposited to cover ?rst conductive line 108 including the 
exposed side Wall portion doWn to the recessed surface of 
?rst interlayer insulator 104, as Well as second interlayer 
insulator pattern 110a. Second conductive line material layer 
120 may be formed from of one or more metals or metal 

alloys selected from a group comprising at least Al, Cu, W, 
Mo, and/or a conductive metal nitride such as Ti-nitride, 
Ta-nitride, and/or W-nitride. 

Referring to FIG. 8, a second photoresist pattern 152 
de?ning a second (or principal) conductive line 12011 is 
formed on the second conductive line material layer 120. 
Then, second conductive line material layer 120 is anios 
tropically etched, for example, using second photoresist 
pattern 152 as an etch mask to form the second conductive 
line 12011. The preferred method of anisotropically etching 
second conductive line material layer 120 may be performed 
using a plasma etching process or a reactive ion etching 
process, as examples. During the anisotropic etching of 
second conductive line material layer 120, ?rst interlayer 
insulator 104 functions as an etch stopper. The resulting 
second conductive line 120a covers the previously exposed 
side surface of ?rst conductive line 108, the recess side of 
?rst interlayer insulator 104, and sideWall and upper surface 
portions of second interlayer insulator pattern 11011. In the 
illustrated example, second conductive line 120a takes on 
the Well knoWn shape of a sideWall spacer; that is one having 
an arced inclined surface. Second conducting line 12011 is 
electrically connected to conductive region 102 through ?rst 
conductive line 108. 

The arced inclined surface of second conductive line 120a 
may be characteriZed by a Width “d1” and a height “h1.” 
Width “d1” for second conductive line 12011 is measured 
horizontally from a sideWall surface of second interlayer 
insulator pattern 11011 to the lateral extent of the arced 
inclined surface of second conductive line 120a. Of note, 
Width “d1” is determined in large part by the Width “d2” of 
the exposed upper surface portion of ?rst conductive line 
108. Height “h1” of second conducting line 12011 is mea 
sured from the recess bottom of ?rst interlayer insulator 104 
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8 
to the uppermost surface point of second conductive line 
120a, and is at least high enough to cover the exposed side 
portion of ?rst conductive line 108 and the overlaying 
sideWall and surface portions of second interlayer insulator 
pattern 11011. 
An inclination angle associated of second conducting line 

120a may be de?ned as the angle formed betWeen the 
intersection the recessed bottom surface of ?rst interlayer 
insulator 104 and the arced inclined surface of second 
conductive line 12011. This inclination angle may range from 
400 to 80°. 
As presently contemplated, an inclination angle less than 

400 Will result in an undesirable increase in the overall siZe 
of the incorporating die. On the other hand, an inclination 
angle greater than 80° becomes so steep that the step 
coverage bene?ts sought by the invention begin to deterio 
rate. Of further note in relation to analogous conventional 
structures, the bottom surface of second conducting line 
12011 is strongly adhered to the upper surface of recessed 
?rst interlayer insulator 104. 

Referring to FIG. 9, the residual portions of second 
photoresist pattern 152 are removed using one of several 
conventionally available methods. For example, the residual 
portions of second photoresist pattern 150 may be removed 
using an ashing process applying an oxygen plasma and 
subsequent organic stripping. 

Afterwards, a ?rst protective material layer 130 is depos 
ited on the combination of second conducting line 120a and 
?rst interlayer insulator 104. First protective material layer 
130 may be formed from a single layer (e.g., silicon oxide 
or nitride) or a compound set of layers, such as a silicon 
oxide layer 132 and a silicon nitride layer 134. In the 
illustrated example, silicon oxide layer 132 may be depos 
ited using a high density plasma (HDP) chemical vapor 
deposition (CVD) to obtain high quality protective material 
layer. 
HDP CVD is a combination process involving CVD and 

sputtering. For example, a sputtering gas capable of etching 
a deposited material layer, as Well as a deposition gas used 
to deposit the material layer are both provided to a reaction 
chamber. For example, a combination of SiH4 and O2 may 
be used the deposition gas, and Ar or some other inert gas 
may be used as the sputtering gas. The deposition gas and 
sputtering gas are partly ioniZed by a plasma ?eld Within the 
reaction chamber. The plasma may be generated using high 
frequency poWer as is knoWn in the art. 
The deposition process may be further accelerated by 

applying a biased radio frequency (RF) poWer signal to the 
Working substrate Within the reaction chamber. For example, 
the biased RF poWer signal may be applied to a Wafer chuck 
(eg an electrostatic chuck) holding substrate 100 Within the 
reaction chamber. With application of the biased RF poWer 
signal the ioniZed deposition and sputtering gases are accel 
erated toWards the surface of substrate 100. Accelerated 
deposition gas ions and sputtering gas ions form in combi 
nation silicon oxide layer 132. As formed by the foregoing 
HDP CVD process, silicon oxide layer 132 is a very high 
quality layer characterized by high density and excellent 
gap-?lling abilities. 

Silicon nitride layer 134 prevents silicon oxide layer 132 
from being oxidiZed during subsequent processing, and 
improves the insulating and Waterproo?ng characteristics of 
a ?rst protective material layer 130. 

Referring to FIG. 10, a third photoresist pattern 154 
de?ning scribe line (SL) is formed on the ?rst protective 
material layer 130. Then, ?rst protective material layer 130 
and ?rst interlayer insulator 104 are sequentially etched 
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using third photoresist pattern 154. Silicon nitride layer 134 
may be removed, for example, using a phosphoric acid. 
Silicon oxide layer 132 and ?rst interlayer insulator 104 may 
be removed, for example, using a diluted HF, NH4F, or a 
buffered oxide etchant, such as a liquid mixture of HF and 
deioniZed Water. 

These layers are selectively etched to form a ?rst recess 
region 136 de?ning the scribe line (SL) doWn through at 
least some portion of ?rst interlayer insulator 104. First 
recess region 136 is formed With a ?at bottom surface and 
a sideWall-to-sideWall Width related to the scribe line (SL). 
That is, the scribe line (SL) Will be apparent Within the Width 
of ?rst recess region 136. As thus patterned, ?rst protective 
material layer 130 becomes ?rst protective layer pattern 
130a, comprising selectively etched portions of silicon 
oxide layer 132a and/or silicon nitride layer 13411 in the 
illustrated embodiment. 

The etching process used to form ?rst recess region 136 
may comprise a conventional combination of a ?rst etching 
process and second etching process. The ?rst etching pro 
cess is may be used to coincidentally form a fuse WindoW 
(not shoWn) for fusing a Wire, a solderball, or the like. The 
second etching process may be used to coincidentally 
expose a bonding pad (not shoWn). The fuse WindoW for 
mation and bonding pad exposure have utility in relation to 
the formation of other conventional components (not shoWn) 
commonly related to the multi-layer structures illustrated the 
Working examples. 

Referring to FIG. 11, after removing third photoresist 
pattern 150, a second protective layer 140 is formed on ?rst 
protecting layer pattern 130a and potentially on some por 
tion of the bottom surface of ?rst recess region 136 con 
taining the scribe line (SL). For example, second protective 
layer 140 Will typically cover the upper and side surfaces of 
?rst protective layer pattern 130a, side surfaces of ?rst 
recess region 136, and some portion of the bottom surface of 
?rst recess region 136. HoWever, the scribe line (SL) Which 
is not covered by second protective layer 140, but remains 
exposed. Second protective layer 140 may be formed, for 
example, using a conventional spin coating technique. Sub 
sequently, second protective layer 140 may be hardened, 
Where advisable, using a predetermined heat treatment. 
As formed, second protective layer 140 covers the upper 

surface and sideWall surfaces of the multi-layer structure 
including ?rst protective layer 13011. The side surface incli 
nation of second protective layer 140 may be determined in 
relation to a height “h2” and Width “d3.” Height “h2” may 
be measured from the bottom surface of ?rst recess region 
136 to the uppermost point of second protective layer 140, 
and generally combines the measure of height “h1” associ 
ated With second conductive line 120a and the measure of 
the depth of ?rst recess region 136. Width “d3” may be 
measured from the farthest lateral extent of second protec 
tive layer 140 to the sideWall of second interlayer insulator 
pattern 110a. Thus, the inclination associated With the side 
surface of second protective layer 140 may be adjusted by 
adjustments to Width “d1” and height “h1” associated With 
second conductive line 12011. The inclination of second 
protective layer 140 may be further determined by adjust 
ments to Width “d2” associated With the exposed portion of 
the upper surface of ?rst conductive line 108 contacting 
second conductive line 12011. With this structure, the bottom 
surface of second protective layer 140 strongly adheres to 
the bottom surface ?rst recess region 136 containing the 
scribe line (SL). 

According to the foregoing embodiment, the side surface 
of second protective layer 140 is characterized by an arced 
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10 
incline de?ned in signi?cant part by the shape and dimen 
sions of the underlying arced incline associated With the 
second conductive line 12011. The arced incline shape of the 
side surface of second protective layer 140 strongly pro 
motes adhesion of the second protective layer 140 to the ?rst 
recessed region 136 contain the scribe line (SL). In addition, 
since the upper comer edge portion of second interlayer 
insulator pattern 11011 is covered by second conductive line 
120a, second protective layer 140 may be formed With a 
highly uniform thickness. The improved adhesion charac 
teristics and uniform thickness of second protective layer 
140 enhance protection of the underlying multi-layer struc 
ture from the ambient environment (e.g., moisture and 
in?ltrating chemicals) and impact stress. These bene?cial 
results accrue to embodiments of the invention Without need 
to increase the siZe of the semiconductor die as do some 
conventional solutions. 

In the foregoing embodiment, second protective layer 140 
may be formed, for example, from a thermosetting polymer 
resin, or as presently preferred, a photosensitive polyimide 
resin. The overall thickness of second protective layer 140 
may range from betWeen 2 pm to 20 um, for example. 

FIGS. 12 and 13 are sectional-vieWs illustrating a method 
of manufacturing a semiconductor Wafer With an improved 
step coverage according to another embodiment of the 
invention. In this embodiment, the processing steps associ 
ated With the formation of ?rst protective layer pattern 23011 
on second conductive line 220a and an upper surface portion 
of ?rst interlayer insulator 204 are assumed to be identical 
to those described in the foregoing example in relation to 
analogous layers, components and/or elements. 
An inclination associated With a side surface of second 

conductive line 220a may be determined in relation to Width 
“d1” and height “h1.” Width d1 of second conductive line 
220a may be measured from a side surface of second 
interlayer insulator pattern 21011 to the outer side surface of 
second conductive line 22011. In particular, Width “d1” of 
second conductive line 220a subsumes Width “d2” associ 
ated With the exposed portion of an upper surface of ?rst 
conductive line 208. Height “h1” associated With second 
conductive line 220a subsumes the depth of the recess 
associated With ?rst interlayer insulator 204, the height of 
the side surface of the ?rst conductive line 208, and the 
height of the side surface of second interlayer insulator 
pattern 21011. 
The inclination angle characterizing second conductive 

line 220a may be similarly de?ned as described above in 
relation to second conductive line 120a, and preferably 
ranges betWeen about 400 to 80°. With this shape and 
characteristics, second conductive line 220a enjoys strong 
adhesive capabilities as noted above. 

Referring to FIG. 12, ?rst recess region 236 containing a 
scribe line (SL) is formed using the ?rst etching process 
described above and is initially formed With the same 
features as ?rst recess region 136. HoWever, the second 
etching process subsequently applied to the semiconductor 
Wafer to expose a bonding pad is applied in such a manner 
that a second recess region 238 is formed in ?rst interlayer 
insulator 204 With relation to ?rst recess region 236. Second 
recess region 238 more shalloW than ?rst recess region, but 
With a larger Width. That is, additional portions of ?rst 
interlayer insulator 204 and ?rst protective layer pattern 
23011 are removed by the second etching process to form 
second recess region 238. 

Referring to FIG. 13, second protective layer 240 covers 
?rst protecting layer pattern 230a, second recess region 238, 
and at least some portion of ?rst recess region 236. That is, 
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second protective layer 240 covers upper and side surfaces 
of ?rst protective layer pattern 230a, bottom and side 
surfaces of second recess region 238, at least a side surface 
of ?rst recess region 236. The portion of ?rst recess region 
containing the scribe line (SL) is not covered by second 
protective layer 240 but remains exposed. Second protective 
layer 240 may be formed, for example, by spin coating, and 
may thereafter be hardened using a predetermined heat 
treatment. 

According to the present embodiment, second protective 
layer 240 sufficiently protects the underlying multi-layer 
structure from the ambient environment and impact stress. 
In particular, second protective layer 240 more strongly 
adheres at its bottom surface to the tiered sideWall pro?le 
formed by ?rst recess region 236 and second recess region 
238, as compared With even the foregoing embodiment. This 
characteristic further increases the protection afforded by 
second protecting layer 240. Of further bene?t, ?rst recess 
region 236 and second recess region 238 may be formed 
using a conventional etching process already required to 
expose a bonding pad after forming a fuse WindoW in the 
overall device. In addition, the size of a semiconductor die 
in not increased by this remedy to lifting and coverage 
problems associated With conventional protective layers. 
As noted above, second protecting layer 240 may be 

formed, for example, from a thermosetting polymer resin or 
a photosensitive polyimide resin to a thickness ranging from 
2 pm to 20 um. 

FIGS. 14 and 15 are sectional-vieWs illustrating a method 
of manufacturing a semiconductor Wafer With an improved 
step coverage according to a yet another embodiment of the 
invention. In this embodiment, the processing steps associ 
ated With the formation of ?rst protective layer pattern 33011 
on second conductive line 320a and an upper surface portion 
of ?rst interlayer insulator 304 are assumed to be identical 
to those described in the foregoing example in relation to 
analogous layers, components and/or elements. 

The inclination angle characterizing second conductive 
line 320a may be similarly de?ned as described above in 
relation to second conductive line 120a, and preferably 
ranges betWeen about 400 to 80°. With this shape and 
characteristic, second conductive line 320a enjoys strong 
adhesive capabilities as noted above. 

Referring to FIG. 14, a scribe line (SL) is associated With 
a plurality of third recess regions 336 formed in the same 
manner as that described above. That is, the ?rst etching 
process is performed to form a fuse WindoW and then the 
second etching process is performed to expose a bonding 
pad. Therefore, a plurality of third recess regions 336 is 
formed in relation to a scribe line (SL). 

Referring to FIG. 15, second protective layer 340 covers 
?rst protective layer pattern 330a and third recess regions 
336. That is, second protective layer 340 covers upper and 
side surfaces of ?rst protective layer pattern 330a and ?lls 
the third recess regions 336. A portion of the recessed upper 
surface of ?rst interlayer insulator 304 adjacent to the 
plurality of third recess regions contains the scribe line (SL) 
Which remains uncovered by second protective layer 340. 
Second protective layer 340 may be formed using a spin 
coating technique, and may be subsequently hardened using 
a predetermined heat treatment. 

According to the present embodiment, the second protec 
tive layer 340 sufficiently protects the underlying multi-layer 
structure from the ambient environment and impact stress. 
In particular, second protective layer 340 ?lls the third recess 
regions 336 formed around scribe line (SL) such that second 
protecting layer 340 strongly adheres to the underlying 
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12 
surfaces. Therefore, protection afforded by second protec 
tive layer 340 is much improved as compared With even the 
former embodiments described above. Further, the third 
recess regions 336 may be formed using a conventional 
etching process already applied to the formation of the 
overall device in the formation of fuse WindoW and the 
exposure of a bonding pad. In addition, the size of a 
semiconductor dies according to the present embodiment is 
similar to the size of a conventional semiconductor chip 
As previously noted, second protecting layer 340 may 

formed, for example, from a thermosetting polymer resin or 
a photosensitive polyimide resin having a thickness that 
ranges from 2 pm to 20 pm. 
The foregoing embodiments illustrate various methods, 

techniques, and approaches to the manufacture of a semi 
conductor die (or alternately expressed the processing of a 
semiconductor Wafer having many dies thereon) incorporat 
ing a protective layer or sequence of protective layers having 
improved step coverage, more uniform thickness, and better 
adhesion characteristics to related surfaces. In one aspect, 
the inclined surface (e.g., an arced incline) of the protective 
layer(s) facilitates these bene?ts. Because the protective 
layer(s) provide improved step coverage, more uniform 
thickness, and better adhesion characteristics, it provides 
better protection to underlying multi-layer structures. 

Further, provision of this improved protective layer need 
not require signi?cant additional processing steps. Rather, 
the recess region(s) associated With the improved protective 
layer are often conventionally required for other purposes, 
such as forming a fuse WindoW or exposing a bonding pad. 
Of note, the bene?ts provided by embodiments of the 

invention do not require an increase in the overall size of the 
semiconductor die. 
While the invention has been particularly shoWn and 

described With reference to exemplary embodiments, it Will 
be understood by those of ordinary skill in the art that 
various changes in form and details may be made therein 
Without departing from the scope of the invention Which is 
de?ned by the folloWing claims. For example, although the 
foregoing embodiments describe a metal interconnection 
layer formed on a side surface of a tWo-layer stack of 
interlayer insulating layer, the metal interconnection layer 
might alternately be formed on a side surface of a three-layer 
(or greater number of layers) stack. Similarly, although the 
foregoing embodiments describe tWo conductive lines, 
including a ?rst conductive line and a second conductive 
line, additional conductive lines might be incorporated in the 
multi-layer structure being protected by the protective layer 
(s) described in the invention. 
What is claimed is: 
1. A semiconductor die, comprising: 
a ?rst interlayer insulator having a principal surface and 

a recess region containing a scribe line; 
a second interlayer insulator formed on the ?rst insulator 

layer; 
a principal conductive line characterized by an inclined 

side surface and formed on the ?rst and second inter 
layer insulators, Wherein the inclined side surface 
de?nes an angle of inclination With respect to the 
principal surface of the ?rst interlayer insulator ranging 
from about 400 to about 80°; and 

a protective layer formed on the inclined side surface of 
the principal conductive line and on at least one surface 
of the recess region. 

2. The semiconductor die of claim 1, Wherein the scribe 
line remains uncovered by the protective layer Within the 
recess region. 
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3. The semiconductor die of claim 1, wherein the recess 
region has a Width de?ning the scribe line. 

4. The semiconductor die of claim 1, Wherein the principal 
conductive line is electrically connected to a subordinated 
conductive line formed on the principal surface of the ?rst 
interlayer insulator. 

5. The semiconductor die of claim 4, Wherein the subor 
dinated conductive line comprises a ?rst portion covered by 
the second interlayer insulator and an exposed portion. 

6. The semiconductor die of claim 1, Wherein a bottom 
surface of the protective layer strongly adheres to at feast 
one surface of the recess region. 

7. The semiconductor die of claim 6, Wherein the protec 
tive layer covers upper and side surfaces of the second 
interlayer insulator. 

8. A semiconductor die, comprising: 
a ?rst interlayer insulator having a principal surface and 

a recess region containing a scribe line; 
a second interlayer insulator formed on the ?rst insulator 

layer; 
a principal conductive line characterized by an inclined 

side surface and formed on the ?rst and second inter 
layer insulators, Wherein the inclined side surface is 
de?ned in relation to the height of the principal con 
ductive layer; and 

a protective layer formed on the inclined side surface of 
the principal conductive line and on at least one surface 
of the recess region. 

9. The semiconductor die of claim 8, Wherein the height 
of the principal conductive layer is de?ned in relation to a 
height associated With the second interlayer insulator and a 
height associated With a sideWall surface of the recess 
region. 

10. The semiconductor die of claim 8, Wherein the 
inclined side surface of the principal conductive layer is 
further de?ned in relation to the Width of the exposed portion 
of the principal conductive layer. 

11. A semiconductor die, comprising: 
a ?rst interlayer insulator having a principal surface and 

a recess region de?ning a scribe line; 
a ?rst conductive line formed on the principal surface of 

the ?rst interlayer insulator; 
a second interlayer insulator formed on the ?rst interlayer 

insulator and partially covering the ?rst conductive line 
to de?ne an exposed side surface and an exposed upper 
surface portion of the ?rst conductive line; 

a second conductive line characteriZed by an inclined side 
surface and formed on the exposed side surface and 
exposed upper surface portion of the ?rst conductive 
line; 

a ?rst protective layer formed on the inclined side surface 
of the second conductive line; and 

a second protective layer formed on the ?rst protective 
layer and on at least one surface of the ?rst recess 
region, Whereby a bottom surface of the second pro 
tective layer strongly adheres to the at least one surface 
of the recess region. 

12. The semiconductor die of claim 11, Wherein the ?rst 
interlayer insulator comprises a silicon oxide layer. 

13. The semiconductor die of claim 11, Wherein the ?rst 
conductive line comprises one selected from a group con 
sisting of metals Al, Cu, W, and Mo, metal alloys comprising 
Al, Cu, W, and Mo, and conductive metal nitrides. 

14. The semiconductor die of claim 11, Wherein the 
second conductive line is electrically connected to the ?rst 
conductive line. 
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15. The semiconductor die of claim 11, Wherein the 

inclined side surface of the second conductive line is char 
acteriZed by a Width and height of the second conductive 
line. 

16. The semiconductor die of claim 15, Wherein the Width 
of the second conductive line is de?ned in relation to a 
horiZontal distance betWeen the side surface of the second 
interlayer insulator and the exposed side surface of the ?rst 
conductive line. 

17. The semiconductor die of claim 11, Wherein the height 
of the second conducting line subsumes at least a height of 
the exposed side surface of the ?rst conducting line and a 
height of the side surface of the second interlayer insulator. 

18. The semiconductor die of claim 11, Wherein a Width 
of the exposed upper surface portion of the ?rst conducting 
line de?nes, at least in part, the Width of the second 
conductive line. 

19. The semiconductor die of claim 11, Wherein the ?rst 
interlayer insulator comprises a recessed portion formed 
near the exposed side surface of the ?rst conductive line; 
and, 

Wherein the second conductive line is formed on the 
recessed portion of the ?rst interlayer insulator, the 
exposed side surface of the ?rst conductive line, and the 
exposed upper portion of the ?rst conductive line. 

20. The semiconductor die of claim 19, Wherein a bottom 
surface of the second conductive line strongly adheres to the 
recessed portion of the ?rst interlayer insulator. 

21. The semiconductor die of claim 11, Wherein the ?rst 
protective layer comprises at least one of a silicon oxide 
layer and a silicon nitride layer. 

22. The semiconductor die of claim 21, Wherein the 
silicon oxide layer comprises a high density plasma (HDP) 
oxide layer. 

23. The semiconductor die of claim 11, Wherein the 
second protective layer comprises a thermosetting polymer 
resin or a photosensitive polyimide resin. 

24. The semiconductor die of claim 11, Wherein the 
inclined side surface comprises an arched incline. 

25. The semiconductor die of claim 11, Wherein the 
second protective layer is formed With a thickness ranging 
from about 2 pm to about 20 um. 

26. A semiconductor die, comprising: 
a ?rst interlayer insulator having a principal surface, a ?rst 

recess region and a second recess region, Wherein the 
?rst recess region de?nes a scribe line, and Wherein the 
second recess region is formed With a Width greater 
than a Width associated With the ?rst recess region and 
a depth less than a depth associated With the ?rst recess 
region; 

a ?rst conductive line formed on the principal surface of 
the ?rst interlayer insulator; 

a second interlayer insulator formed on the ?rst interlayer 
insulator and partially covering the ?rst conductive line 
to de?ne an exposed side surface and an exposed upper 
surface portion of the ?rst conductive line; 

a second conductive line characterized by an inclined side 
surface and formed on the exposed side surface and 
exposed upper surface portion of the ?rst conductive 
line ?rst; 

a ?rst protective layer formed on the inclined side surface 
of the second conductive line; and 

a second protective layer formed on the ?rst protective 
layer and on at least one surface of the ?rst recess 
region and on side and bottom surfaces of the second 
recess region. 
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27. The semiconductor die of claim 26, wherein the height 
of the second conducting line subsumes at least a height of 
the exposed side surface of the ?rst conducting line, a height 
of the side surface of the second interlayer insulator, and a 
height of the side surface of the second recess region. 

28. The semiconductor die of claim 26, Wherein the Width 
of the second conductive line is de?ned by a horizontal 
distance betWeen a side surface of the second interlayer 
insulator and the exposed side surface of the second con 
ductive line. 

29. The semiconductor die of claim 28, Wherein a Width 
of the exposed upper surface portion of the ?rst conducting 
line is equal to the horizontal distance. 

30. The semiconductor die of claim 26, Wherein the 
second protective layer comprises a thermosetting polymer 
resin or a photosensitive polyimide resin. 

31. The semiconductor Wafer of claim 26, Wherein the 
?rst protective comprises a silicon nitride layer formed on a 
silicon dioxide layer. 

32. A semiconductor die, comprising: 
a ?rst interlayer insulator comprising a principal surface, 

a recessed lateral surface, and a plurality of recess 
regions formed in the lateral surface, Wherein the later 
surface de?nes a scribe line; 

a ?rst conductive line formed on the principal surface of 
the ?rst interlayer insulator; 

a second interlayer insulator formed on the ?rst interlayer 
insulator and partially covering the ?rst conductive line 
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to de?ne an exposed side surface and an exposed upper 
surface portion of the ?rst conductive line; 

a second conductive line characterized by an inclined side 
surface and formed on the exposed side surface and 
exposed upper surface portion of the ?rst conductive 
line ?rst; 

a ?rst protective layer formed on the inclined side surface 
of the second conductive line; and 

a second protective layer formed on the ?rst protective 
layer and ?lling at least one of the plurality of recess 
regions. 

33. The semiconductor die of claim 32, Wherein the height 
of the second conducting line subsumes at least a height of 
the ?lled one of the plurality of recess regions, a height of 
the exposed side surface of the ?rst conducting line, and a 
height of the side surface of the second interlayer insulator. 

34. The semiconductor die of claim 32, Wherein the Width 
of the second conductive line extends from a side surface of 
the second interlayer insulator to the exposed side surface of 
the second conductive line. 

35. The semiconductor die of claim 32, Wherein the Width 
of the second conductive line is greater than a Width of the 
exposed upper surface portion of the ?rst conductive line. 

36. The semiconductor die of claim 32, Wherein the 
second protective layer comprises a thermosetting polymer 
resin or a photosensitive polyimide resin. 

* * * * * 


